We analyzed the factors related to AAD to inform the rational use of antibiotics in critically ill patients and to reduce the incidence of AAD by providing a reference for antibiotic use in the clinical setting.
Background
Antibiotic-associated diarrhea (AAD) is a syndrome of disrupted intestinal flora caused by antibiotics, which cannot be explained by other causes of diarrhea [1] , and diarrhea is the main symptom. The incidence of AAD is about 5-35% of patients treated with antibiotics [2] [3] [4] [5] and varies due to differences in populations and types of antibiotics used. Its occurrence varies from several hours after the commencement of antibiotic therapy to 6-8 weeks after antibiotic therapy is discontinued. In the intensive care unit (ICU), the incidence is much higher and clinical outcomes are worse [6] . The main clinical manifestations of AAD are diarrhea, mainly as watery stool, although there may be mucus, pus, or blood in the stool; increased white blood cell count; fever; abdominal pain; abdominal distension; toxic megacolon; multiple organ dysfunction; and other symptoms [4] . A characteristic of the disease is the appearance of a large amount of intestinal pseudomembranous mucosa floating on the watery stools. This situation undoubtedly aggravates the condition of a critically ill patient, leading to increased risk of death.
The microflora in the gut are interdependent and generally do not cause disease. When using a certain antibiotic, this balance may be disrupted. As a result, antibiotic-sensitive bacteria are killed or suppressed, while drug-resistant bacteria multiply, disrupting the intestinal flora and causing enteritis and diarrhea [2, 7] . AAD is predominantly caused by Clostridium difficile (CD), Klebsiella sp., and Staphylococcus aureus, as well as some fungi and viruses. Clostridium difficile is the most common pathogen [8, 9] . Initial treatment fails in over 20% of patients with AAD due to CD infection, and relapse occurs in 40-60% of patients [10, 11] . Therefore, the prevention of AAD is essential in critically ill patients.
The incidence of AAD is rising, and it has become an important nosocomial infectious disease, resulting in increased hospitalization costs, longer hospital stays, and higher mortality [10, [12] [13] [14] . It is even more problematic in already critically ill patients. The relevant factors that result in AAD are not yet clear. Currently it is believed that the main cause of AAD is the misuse of antibiotics, especially broad-spectrum antibiotics [3] . When 2 or more antibiotics are combined, the chance of AAD increases significantly [15, 16] . Longer hospital stays and longer courses of antibiotics are also risk factors for AAD [14, 17] . Many studies have investigated ordinary hospitalized patients [5, 8, 14, 18] , but there have been few studies on the factors related to AAD in critically ill patients. Therefore, this study aimed to explore the contributing and protective factors related to AAD in critically ill patients. The conclusions from this study will be applied to future clinical practice, to better guide the rational use of antibiotics in critically ill patients and to reduce the occurrence of AAD.
Material and Methods

Research object
This study was a retrospective analysis of the clinical data of patients receiving antibiotic therapy for the first time from January 1, 2015 to December 31, 2016 while staying in the Department of Critical Care Medicine of the First Affiliated Hospital of Xi'an Jiaotong University. A total of 293 patients, including 180 males and 113 females, were enrolled. Patients were divided into either the case group (AAD group) or the control group (no AAD group) according to whether AAD occurred. The inclusion criteria were: (1) antibiotic therapy was provided for the first time during the study period and (2) antibiotic treatment lasted for more than 3 days [17] . The exclusion criteria were: (1) no antibiotics were used, (2) multiple admissions to the ICU within 1 month, (3) previously diagnosed with AAD within 3 months, and (4) serious loss of case data.
Research methods
Data collection
Clinical data were collected for each patient according to the "Guidelines for Diagnosis, Treatment, and Prevention of Clostridium difficile Infections" [19] . The patients with AAD were assigned to the case group and the patients without AAD were assigned to the control group. Detailed records of the patients' general information and related data were collected, including gender, age, diagnosis of hypertension or diabetes, infection site, APACHE II score at admission into the ICU, albumin levels, use of proton pump inhibitors, administration of parenteral nutrition, prophylactic use of probiotics, the type antibiotics, time, AAD status, ICU stay time, and prognosis.
Statistical analysis
SPSS18.0 statistical software was used to analyze all the relevant data. The count data are expressed as the number of cases and the correlation between groups was tested by the c 2 test. Measurement data are expressed as the mean ± standard deviation. After the data of all groups were tested for homogeneity of variance and normal distribution, independent-samples t tests were used to calculate the significant differences between groups and P <0.05 was used as the criterion of significance. Univariate logistic regression analysis was performed for each variable. Then, each variable with P<0.05 in the univariate analysis was included in the non-conditional logistic regression model independent risk factors multivariate analysis to determine AAD-related factors.
Results
General Information
A total of 293 patients were enrolled, with 180 males and 113 females. The average patient age was 52.91±21.11 years. The incidence of AAD was 30.03%. There were 88 cases in the case group, including 63 males and 25 females, with a mean age of 59.05±21.99 years. There were 205 individuals in the control group, including 117 males and 88 females, with a mean age of 50.28±20.20 years.
The case and control groups were significantly different in terms of age, gender, parenteral nutrition, prophylactic use of probiotics, APACHE II score at admission into the ICU, hypertension, diabetes, use of enzyme-inhibitor antibiotics, and the combined use of antibiotics (P<0.05). The case and control groups were not significantly different in terms of the use of proton pump inhibitors, albumin level at admission into the ICU, or use of other types of antibiotics (except enzyme inhibitors) (P>0.05) ( Table 1) .
Infection sites and the use of antibiotics
Out of the 293 patient, there were 176 (60.1%) cases of lung infection, 13 (4.4%) cases of abdominal infection, 2 (0.7%) cases of hematogenously disseminated infection, 3 (1.0%) cases of central nervous system infection, 4 (1.4%) cases of urinary tract infection, 2 (0.7%) cases of skin and soft tissue infection, 21 (7.2%) cases of mixed infections, and 72 (24.5%) cases of other types of infections, including pericarditis, pancreatitis, appendicitis, and peritonitis. Among these patients, 88 (30.0%) were administered single antibiotics, 86 (29.4%) were administered a combination of 2 antibiotics, 62 (21.2%) were administered a combination of 3 antibiotics, and 57 (19.4%) were administered a combination of 4 or more antibiotics. AAD occurred mainly in patients who had used antibiotics for 6.56±5.68 days. Among those who developed AAD, 19 (21.6%) were administered single antibiotics, 29 (33.0%) were administered a combination of 2 antibiotics, 22 (25.0%) were administered a combination of 3 antibiotics, and 18 (20.4%) were administered a combination of 4 or more antibiotics. 
5002
Factors related to AAD in critically ill patients by univariate and multivariate regression analyses A univariate regression analysis of the risk factors associated with AAD showed that age, gender, use of proton pump inhibitors, parenteral nutrition, preventive use of probiotics, hypertension, diabetes, APACHE II score at admission into the ICU, and use of enzyme-inhibitor antibiotics were associated with AAD in critically ill patients. However, albumin levels at admission to the ICU, cephalosporins, carbapenems, quinolones, glycopeptides, and oxazolidinones were not associated with AAD in critically ill patients ( Table 2 ).
The risk factors that maintained their association with AAD in critically ill patients after the multivariate regression analysis were gender (OR Table 2 ).
Risk factors of AAD stratified by gender in univariate and multivariate regression analyses
According to the above analysis, gender is associated with AAD. Therefore, we stratified the analysis based on gender.
The results showed that while there was a significant difference in ages between the males and females (P=0.001), there was no significant differences in other aspects according to gender, and the baseline data were stable ( Table 5) .
Prognostic evaluation
In total, 293 cases were included, of whom 181 improved, 81 abandoned treatment, and 31 died. AAD occurred in 88 cases, of whom 46 were improved, 32 abandoned treatment, and 10 died, because the primary disease was fatal. Once AAD occurred, except in 1 patient, the remaining patients were unable 5004 to discontinue antibiotics. The average ICU stay time in patients with AAD was 17.16±11.03 days, while it was significantly lower in patients without AAD (9.15±6.85 days) (P <0.001).
There was no significant difference in mortality in the ICU between the 2 groups. AAD did not directly cause any deaths in either group (Table 6 ).
Discussion
AAD is the most common nosocomial intestinal infection [20, 21] , often caused by Clostridium difficile [2] . After the use of antibiotics, most of the antibiotic-sensitive intestinal bacteria have been inhibited, and the antibiotic-resistant bacteria multiply, allowing Clostridium difficile to become the dominant bacteria and produce toxin A and toxin B, prompting AAD and causing diarrhea [2, 7, 22] . In this study, the patients selected were critically ill patients receiving antibiotics for the first time, in whom the incidence of AAD was 30.03%, which is the same incidence that has been reported in the literature [2] [3] [4] 6] . In this study, we found that age, prophylactic use of probiotics, and combined use of antibiotics are associated with AAD. This is consistent with recent research in non-critically ill patients. However, gender, use of parenteral nutrition, the APACHE II score at admission into the ICU, and use of enzyme inhibitors were associated with AAD in critically ill patients, which has not been previously reported. Table 6 . The prognosis of patients with and without AAD.
* Compare for 1 and 2.
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Research into non-critically ill patients [15, 23] has demonstrated that almost all antibiotics cause AAD. Cephalosporins, penicillin, lincomycin, and azithromycin most readily induce AAD [2, 18, 19, 24] . Our analysis showed that cephalosporins were not associated with AAD in critically ill patients. This may be related to the condition of the ICU patients; those with severe illnesses usually receive stronger antibiotics, as reflected in the use of cephalosporins in this study, which was only 6.3%. It has not been reported that the use of enzyme-inhibitor antibiotics in critically ill patients can increase the risk of AAD [17] . This may be related to medication habits. In the treatment of critically ill patients, mostly carbapenems and enzyme inhibitors are used in the empirical or targeted application of antibiotics against gram-negative bacteria, which in this study accounted for 48% of all antibiotics, while antifungal drugs accounted for 17.7%. Studies have shown that the combined use of antibiotics and the use of antibiotics for longer than 3 days readily led to AAD [17] . Our study also showed that the combined use of antibiotics is more likely to induce AAD. In ICU patients with severe illness, even if AAD occurs, it is very difficult to discontinue antibiotics [25] .
Critically ill patients who are receiving parenteral nutrition therapy usually have intestinal dysfunction, which, when coupled with the use of antibiotics, may cause imbalances in the intestinal flora, thereby promoting the occurrence of AAD. Further analysis of the association between the length of the use of parenteral nutrition and AAD is needed to provide guidelines for the cessation of parenteral nutrition as soon as possible. A higher APACHE II score upon admission into the ICU indicates that the patient is in more serious condition, which may involve chronic underlying disease and multiple organ dysfunction, which, when coupled with the use of antibiotics, may be more likely to result in AAD [10, 26] . Therefore, the APACHE II score reflects a combination of multiple risk factors.
Existing research does not report the correlation between the occurrence of AAD and gender; however, studies have shown that age is a risk factor for AAD [10, 26, 27] , with older patients being more prone to AAD [5, 11] . When stratified by gender, our data revealed that there was a significant difference in the age of patients, with 56.19±21.03 years as the mean age of males and 47.69±20.24 as the mean age of females. This was related to the ICU's admission of patients during the study period and may have resulted in gender differences in the analysis of AAD risk factors. Thus, there was a need to perform subgroup analyses of the risk factors by gender.
Multivariate regression analysis showed that parenteral nutrition, preventive use of probiotics, and APACHE II scores at admission into the ICU are associated with AAD in critically ill male patients. Age and the use of carbapenem antibiotics are associated with AAD in female critically ill patients. In this study, most of the patients were elderly men. Such patients often present with immune dysfunction, poor nutrition, severe illness, and high APACHE II scores upon admission into the ICU, which may make them more likely to develop AAD. The older the female patient, the greater the likelihood of AAD. The average age of female patients with AAD was 60.64±24.68 years old. For female patients, carbapenem antibiotics were more likely to cause AAD, which may be related to the etiology of the infection and other characteristics of infected female patients.
It has been reported [28] that proton pump inhibitors and hypoproteinemia are associated with AAD and that, in particular, there is a significant correlation with the recurrence of Clostridium difficile colitis. In this study, univariate analysis showed that there was a correlation between proton pump inhibitors and AAD; however, multivariate analysis did not show a significant correlation. Albumin levels also did not present a significant difference, suggesting that the sample size is small. In addition, hospitalized patients in the ICU have serious illnesses, and in some, human albumin may have been infused prior to ICU admission. In the future, data on human serum albumin intervention should be recorded because it may interfere with the statistical results. Future prospective studies may further clarify the relationship between albumin levels and AAD or identify its correlation with AAD by continuously monitoring the level of albumin after the patient enters the ICU.
Probiotics seem have a role in preventing AAD in hospitalized patients who are not critically ill, although this is still controversial [10, 13, 20, [29] [30] [31] [32] . In this study, multivariate regression analysis of AAD in critically ill patients found that the use of probiotics is a protective factor against AAD, and the subgroup analysis by gender showed that for male patients, the prophylactic use of probiotics can reduce the incidence of AAD. Therefore, the prophylactic use of probiotics has an important clinical use in reducing the incidence of AAD. AAD patients in this study, according to intestinal flora smears and clinical manifestations, could be divided into 28 mild cases, 31 moderate cases, and 29 severe cases. Whether the use of probiotics can reduce the severity of AAD in critically ill patients also needs more in-depth study.
Studies indicate that hospital stays ³2 weeks are associated with AAD [14, 17] . The ICU stay time (17.16±11.03 vs. 9.15±6.85 days) between the 2 groups was found to be significantly different (P<0.001). Therefore, the occurrence of AAD can extend the ICU stay time of critically ill patients. However, the difference in the mortality rate of the 2 groups was not statistically significant, which is inconsistent with previous reports. This is likely related to the traditional customs in some parts of China, particularly in the rural areas around Shaanxi Province, where most people still follow the custom of taking patients back to their homes to die. These patients are recorded as having abandoned treatment in our study and cannot be classified in either the group who survived or the group who died. This may explain the lack of a difference in mortality.
Conclusions
There are many factors associated with AAD in critically ill patients, such as parenteral nutrition, the prophylactic use of probiotics, and the use of enzyme-inhibitor antibiotics and combinations of antibiotics. It is necessary to strictly control the combination of antibiotics used, and the rational use of antibiotics is the key to preventing AAD. Risk factors related to AAD in critically ill patients still need to be clarified through more research, and many issues still need to be explored in depth. Further research will be able to better guide clinical treatment.
